This paper analyzes pedestrian injury severity from automobile crashes at signalized intersections in a medium-size city. It estimates an ordered logit model of injury severity and finds that vehicle type, gender, land-use, speed limit, traffic volume, the presence of sidewalks and visual-obstruction significantly explain pedestrian injury severity in vehiclepedestrian crashes at signalized intersections. Females also are found to be disproportionately involved in these crashes, while sidewalks increase the probability of a pedestrian sustaining a serious injury, passenger cars, sport utility vehicles and pickups are associated with less severe pedestrian injuries.
Introduction
Although the invention of the automobile is considered as a boon to mankind, it has the unwanted effects of causing injuries, fatalities and property damage in crashes as well as environmental pollution. Despite these adverse effects, increasing personal wealth and economic activities and their resultant increases in travel demand make automobiles indispensable and bring into focus the need to understand and control automobile crashes. Reference [1] writes about these adverse effects and notes that each year over 1.2 million people die in automobile crashes world-wide, that 20 -50 million people suffer non-fatal injuries, and that pedestrians, cyclists and users of motorized two-wheeled modes represent almost half of those who die in automobile crashes. It is also reported that most of these deaths are in low-and middle-income countries. For the US [2] estimates that in 2010 approximately 4280 pedestrians were killed in automobile related crashes and 70,000 injured. In addition, the Federal Highway Administration reports that intersection or intersection related fatalities comprised 20.8% of total automobile crash fatalities in 2009 1 . And in North Carolina, the Highway Safety Research Center reports that approximately 2200 vehicle-pedestrian crashes occur yearly resulting in 150 -200 deaths and 500 serious injuries 2 . Although these statistics show low fatalities rates, pedestrians face disproportionately higher injury risks than motorists because they account for a small share of total trips [3, 4] . Because of this, pedestrian safety continues to be important in transportation safety researches. While some of these researches identify demographic and economic factors [3, 5] , behavioral factors [6, 7] and built environment and roadway characteristics [8] [9] [10] [11] as explaining automobile-pedestrian conflicts, particularly at signalized intersections, others focus on intersection designs and evaluate the effectiveness of engineering countermeasures in increasing pedestrian safety [12, 13] . Despite these efforts, injuries and deaths from automobile crashes continue to be high [14] , and many factors that cause automobile crashes still remain less understood. In addition, the effectiveness of some engineering countermeasures remains unsettled in the transportation safety literature. For example, [15] noted that a universal approach to selecting the change interval for an all-red phase of a traffic light, or whether or not to use all-red phase in a traffic light at all is nonexistent. Similarly, [16] noted the lack of consensus in US regarding the effectiveness of marked cross-walks at locations without traffic signals or stop signs. This has led [17] to suggest that because it is difficult to generalize the findings in traffic safety literature to all localities, location-specific studies must be conducted to understand the factors that contribute to pedestrian injury severity.
Following this suggestion, this paper analyzes pedestrian injury severity from automobile crashes at signalized intersections in a medium-size city. The paper's modest contribution to the transportation safety literature is in identifying some factors that increase pedestrian injury severity. In line with some earlier research such as [18, 19] it finds that vehicle type, being female, institutional land-use, speed limit, presence of sidewalks and visual obstruction explain pedestrian injury severities in automobile crashes at signalized intersections. But, while the paper finds sizeable marginal effects of these variables on the probabilities of pedestrians sustaining no injury, possible and evident injuries, it does not provide strong support to show that disabling and fatal pedestrian injuries increase with increases in these variables. Rather, consistent with the small number of these injuries in the data, it finds very small marginal effects of some of these variables on disabling and fatal injuries. Furthermore, it finds that 76.6% of those involved in crashes at signalized intersections that cause pedestrian injuries are females, a finding which correlates with what [20] reported in their study.
The rest of the paper is organized as follows. The next section deals with literature review, and it is followed by methodology, data, estimation and results in that order. Next in order are the marginal effects, a discussion of the results and conclusion.
Literature
Two streams of literature on vehicle-pedestrian crashes can be identified. The first deals with the factors explaining these crashes, and the second with engineering countermeasures to control their occurrences. Among the first, [18] found more crashes in which pedestrians compared to drivers were at fault and disproportionately more males and elderly persons in these crashes. In addition, such behavioral factors as alcohol abuse, violations of traffic rules and regulations have been found to contribute to crashes involving pedestrians. For example, [21] reports that 48% of the automobile crashes in US in 2009 which resulted in pedestrian fatalities involved alcohol, and more pedestrians (35%) than drivers (13%) with blood-alcohol concentrations of 0.08 grams per deciliter or higher in these crashes. Additionally, [18] found alcohol and drug use by pedestrians and drivers led to more crashes at night than at any other time of the day. Other behavioral factors such as traffic signal violations, disregard of pedestrians and reckless driving also contribute to pedestrian crashes. In urban areas, for example, a noted reason for the high frequency of these crashes is that some drivers disregard traffic signals [18] , drivers of turning vehicles do not yield to pedestrians during the pedestrian green phase [22] , and male pedestrians tend to be distracted longer than females [6] .
Besides these variables, road width, the presence of traffic signals and control measures, traffic flow and speed have been associated with vehicle-pedestrian conflicts. In [18] especially, frequent crashes in which pedestrians were at fault were associated with the widths of undivided roadways and intersections with only traffic signs. For traffic volume the evidence is mixed with these same authors finding that the chance of a vehiclepedestrian crash increases at intersections with higher traffic volumes, and [23] finding otherwise. Complementing these results, [24] found that wide roads are significantly less safe for pedestrians; locations with low speed limits are safer than expected for pedestrians; and locations with median speeds have higher risks of pedestrian crashes. Comparatively, a more heterogeneous vehicle speed increases the risk of crashes [23] , and locations without traffic control devices or signs are positively associated with automobile crashes [24] . Crashes between pedestrians on conflicting cross-walks and leftturning or right-turning vehicles have also been found to be significantly related to both vehicle and pedestrian traffic volumes at intersections [25] . And according to [24] vehicle-pedestrian crashes occur in clear weather on dry roads between four o'clock in the afternoon and seven o'clock in the evening when drivers may be tired. Urban sprawl [26] and vehicle type [23] are additional factors which have been associated with these crashes.
While the above studies associate vehicle-pedestrian crashes with driver, pedestrian and traffic volumes, landuse and environmental characteristics, the second stream of research examines the effectiveness of existing traffic countermeasures such as crosswalk markings and pedestrian scramble lights in reducing vehicle-pedestrian conflicts. Reference [12] reviewed the extant literature on existing engineering counter-measures concluding that their effects in calming traffic speed to reduce vehiclepedestrian crashes were uncertain. However, they found significant decreases in pedestrian crashes when traffic signals were replaced by multi-way stop signs at intersections with low-traffic volumes. According to them, the installation of traffic signals at intersections with high speed limits significantly reduced conflicts, and traffic signs and pavement markings were effective in reducing pedestrian crashes at intersections. Another study, [6] , found that all-red signals and clearance time cycle had positive impacts as countermeasures in reducing crashes involving pedestrians. Added to this are the results of [27] which showed that pedestrian scramble signals that give pedestrians exclusive clearance time at intersections significantly decreased the rate of vehicle-pedestrian conflicts. Although [24] found marked crosswalks to be safer at non-signalized locations than at signalized locations, in [12] crosswalk markings were largely ineffectual and sometimes harmful. However, in a later study on multilane roads with marked and unmarked crosswalks, lower rates of pedestrian crashes were associated with the existence of a raised median or crossing island [16] . Further, in comparison to multi-lane roads with no medians, multilane roads with painted (not raised) medians and center two-way left-turn lanes did not appear to have potentials for pedestrian safety. These results reveal that the impacts of marked versus unmarked crosswalks on two-lane roads in terms of pedestrian safety do not vary significantly, suggesting that crosswalk markings alone have little potential for protecting older pedestrians in auto crashes. These reviews do not show much consistency in results and suggest more work to be done to understand the factors contributing to pedestrian injury severity in automobile crashes at signalized intersections. However, they show that an analysis of vehicle pedestrian crashes at signalized intersections must include vehicle, intersection, driver, pedestrian and land-use characteristics.
Methodology
Using the variables discussed above, different methods are used in the traffic safety literature to study and analyze crashes and injury severity, and these methods differ according to whether the focus is on an analysis of crashes or injury severity. For those works that analyze crashes using count data, negative binomial, zero-inflated Poisson, and Poisson regression models are often used. For example, [23] used negative binomial regression in their analyses of slight injuries and the relationship between the factors contributing to crash occurrences and crash frequency respectively. Comparatively, [16, 18, 28] used Poisson regression in their work. For other works such as [29, 30] where the focus is on the probability of an injury of a particular severity occurring, conditional and binary logit models have been used though the common methods exemplified in the works of [31] [32] [33] are ordered and multinomial probability models. Despite their widespread use, these two latter models have been critiqued extensively in the injury severity literature. Ordered models, for example, have been critiqued by [31] [32] [33] as unable to handle interior solutions, and constrained to increase the probability of one level of injury while reducing the probabilities of others. Although multinomial logit models appear to solve the problems in ordered models well, they too are critiqued on the grounds that their constant terms can be very large and they give probability ratios which do not change even if another crash outcome is added. Further, they assume parallel slopes, and the signs and significance levels of their marginal effects and coefficients may be different. When such differences are found, [34] suggests using the coefficients for analysis because a marginal effect tests "hypothesis about a function of all the coefficients, not just the one of interest 3 ." Contrariwise, [35] suggests using an ordered model because it gives consistent signs and preserves inherent order in data.
Despite these problems, a recent evaluation of multinomial logit and ordered models by [31] using vehicle ownership data recommended multinomial logit models because they had the highest adjusted likelihood ratio test. The parallel regression tests of these authors suggested some variables whose coefficients should not remain the same in all equations as in ordered models and others which should. But, where data are ordered, they argue that failing to account for this order as multinomial logit (or multinomial probit) models do may lead to loss of efficiency, though not necessarily making the coefficients of the multinomial logit model biased.
The above discussion leads to the choice of an ordered logit model to study crash outcomes defined by the KABCO scale: killed (K-injury = 4), disabling injury (A-injury = 3) evident injury (B-injury = 2), possible injury (C-injury = 1) and no injury (O-injury = 0). Assume that the probability of a pedestrian sustaining a particular injury outcome given that a vehicle has crashed at a signalized intersection is a function of a set of variables consisting of pedestrian, driver, intersection, road and vehicle characteristics among others and let this set be represented by 1 2 , , ,
where j is the number of variables. Further, let m be the probability of a pedestrian sustaining a particular injury severity m in such an automobile crash, y a continuous latent variable representing injury severity, and let the latent regression for injury severity be:
where, m  is a random error, * m y is a latent variable representing pedestrian injury severity outcome m and the ordered observations of injury severity are generated as, 
In Equation (2),  is a set of threshold parameters which are estimated together with the coefficients. If the error term m  is distributed as logistic then the conditional probability of observing an injury severity outcome from an automobile crash at a signalized intersection is, 
Because the ordered logit model is nonlinear, inferences about the effect of a variable on a particular type of pedestrian injury severity outcome is determined by its marginal effect which is calculated by,
where   f  is a logistic density function. For a discrete variable its marginal effect is the difference between the probabilities when that variable takes a value of one less the corresponding probability when the same variable takes a value of zero. This marginal effect can be written as,
where is a discrete change in the probability of a particular pedestrian injury occurring when an automobile crash occurs at a signalized intersection,
 is this probability evaluated at when a binary variable whose coefficient is j  takes a value of one, and   ' f z  is the corresponding probability evaluated when the value of this binary variable is zero.
Data
It is the purpose of this research to estimate Equation (1) and calculate the marginal effects of the variables per Equations (2) or (3) using data for signalized intersections. The data is for Greensboro, North Carolina and consists of 69 crashes at signalized intersections involving 142 individuals. These crashes occurred from February 1999 to October 2005. Among the data are driver characteristics and condition, land use, vehicle type, environmental conditions and road and intersection characteristics. Others include vehicle occupants, types of injuries and crash location, number of vehicles involved, indications of alcohol and drug use. Still, others are detailed intersection data on amber and red times, presence of a sidewalk or a median and pedestrian crossing signal, number of lanes on each road, traffic volume and posted speed limit. 
In Column 2, many of the coefficients are statistically significant, for example, traffic volume, visual obstruction, the presence of sidewalks and speed limit. Others whose coefficients are statistically significant include gender, passenger car, a sport utility vehicle, a pickup and institutional land-use. Factors such as road width, red-light camera, impaired driver, driver asleep, vehicle occupants and snowy and icy road conditions have statistically insignificant coefficients in this table.
Other information is that 71.13% of the pedestrian-related crashes occurred in daylight and 71.83% in clear weather. On the other hand 7.04% occurred on rainy days while 14.08% occurred when there were snow and ice on the roads. Also, 76.06% of those involved in the crashes were females 4 , and alcohol or drug impairment accounted for only 0.7% of the crashes, while driver ill health accounted for 19.72%. From the statistics 19.01% of the drivers were identified by the recording police officers as appearing normal. In addition passenger cars were involved in 33.10% of the crashes compared to sport utility vehicles' 4.93%, and pickups' 2.11%. These percentages show that 59.86% of the vehicles were trucks, buses, vans and other vehicles. Lastly 69.72% of the crashes occurred where the predominant land use was comercial, 21.83% occurred where it was residential and the rest 8.45% where it was institutional 5 .
Using the estimated coefficients, the last four columns of Table 2 show the marginal effects of the variables. Examining the crashes in which no pedestrian injury occurred, daily traffic volume per lane, the presence of a sidewalk, a unit increase in speed limit and being female reduce the probability of a pedestrian sustaining no injury in an intersection crash by varying amounts of 0.1009%, 9.02%, 0.1556% and 38.83% respectively. In comparison, when there is visual obstruction or when a passenger car, a sport utility vehicle or a pickup is involved in a crash at a signalized intersection, the results show increases in the probability of a pedestrian sustaining no injury by 6.85%, 21.74%, 13.83%, 7.77% and 7.52% respectively. Similarly, the probability of a pedestrian sustaining no injury increases by 7.52% when such a crash occurs by an institutional land use such as a school. Perhaps this is due to drivers exercising extra caution in those areas, the low posted speed limits usually there, and possible strict police enforcement of speed limits near schools.
Estimation and Results
Prior to estimating the model with the data just described pedestrian crash fatality is added to disabling (incapacitating) injury because there are only few of them. In addition traffic volume is the combined volume on all roads at a signalized intersection, and the number of lanes is the combined lanes on all intersecting roads. The logarithms of traffic volume and number of lanes are used in this study. Also, initial estimation that included red and amber times and the presence of a solid median yielded many insignificant coefficients. Consequently, these variables are excluded from the models.
Following the methodology outlined earlier, Table 2 shows the fit statistics and Table 3 the coefficients and marginal effects from the ordered logit model. Clearly, These strong marginal effects extend to crashes in which a pedestrian suffers possible injury. In this case an increase in traffic volume per lane increases the probability of a pedestrian suffering a possible injury outcome by 0.0964% compared to 8.55% when there is a sidewalk at an intersection, and 34.01% when a female is involved in such a crash. In addition a unit increase in speed limit increases possible injury by 0.1488%. But, when a crash involves a passenger car, sport utility vehicle or pickup, the marginal effect is a reduction in possible injury by 20.19%, 13.15% and 7.52% respectively, compared to a reduction of 7.27% when the crash is at a signalized intersection where the predominant land use is institutional and a 6.62% reduction from visual obstruction.
In comparison, the marginal effects of the variables with statistically significant coefficients are small for the probability of a pedestrian sustaining evident injury. Here, a percent increase in traffic volume, the presence of a sidewalk, an increase in speed limit or being female increases the probability of a pedestrian sustaining evident injury by 0.0044%, 0.46%, 0.0067% and 4.57% respectively. Contrariwise, reflecting the extra care drivers take in areas they perceive to be susceptible to vehicle-pedestrian crashes, visual obstruction is associated with a reduction of 0.23% in the probability of evident injury, whereas when a crash involves a passenger car, sport utility vehicle, or pickup, the probability of evident injury reduces by 1.5%, 0.67% and 0.25% respectively. Also, there is a reduction of 0.24% in the probability of evident injury when such a crash is at where the predominant land use is institutional.
For the more serious injuries, that is disabling and fatal injuries, Table 2 shows extremely small marginal effects of the variables on the probability of a pedestrian suffering them in these crashes. But, it does not provide evidence that these injuries increase if the cause of a crash is visual obstruction, if a pickup is involved in a crash or if a crash occurs where the predominant land use is institutional. However, it shows negligible increases of 0.01%, 0.0001% and 0.01% in the probabilities of disabling and fatal injuries respectively from unit increases in traffic volume and speed limit, and when a sidewalk is present. The largest increase in this probability of 0.25% comes from being female compared to reductions of 0.05% and 0.01% respectively from a passenger car or a sport utility vehicle being involved in a similar crash.
Discussion
From Table 2 , there is no variable whose marginal effect is negative or consistently positive across all pedestrian injury outcomes, and the marginal effects are stronger in the no injury and possible injury outcomes than they are in the other injury outcomes. In line with what [18] found, Table 2 shows that gender, intersection and traffic characteristics and vehicle type strongly affect pedestrian injury outcomes, and less severe pedestrian injuries occur if a crash is at a traffic light located where the land use is institutional. Particularly, there is a reduction in pedestrian evident injury and no effect on disabling and fatal injuries in crashes at signalized intersections near or at where the predominant land use is institutional. The corollary of this finding is that more severe pedestrian injuries occur in vehicle-pedestrian crashes at intersections where the land use is not institutional but may be commercial or residential. If so, then this finding is supported indirectly by [19] whose results show that the presence of a commercial land use increases fatal and possible injuries by 14% because of increased vehicle-pedestrian conflicts and traffic flow, as well as by [36] . However, it contradicts the results in [3] that showed negative effects of residential and commercial land uses on vehicle-pedestrian crashes and explained them as motorists being conscious and attentive when driving through those areas because they expect pedestrians. This finding could be attributed to lower speed limits and increased police enforcement of speed limits, as well as to generally cautious driver behaviors near institutional land uses particularly schools.
Of significance too is that 76.06% of those involved in the vehicle-pedestrian crashes studied are female drivers and pedestrians. This correlates very much with [20] 's result that more females than males are involved in vehicle-pedestrian crashes at signalized intersections. While there are many explanations for this finding in the traffic safety literature, possibly it is that females walk more than men do [37] and this increases their exposures to vehicle-pedestrian conflicts. Additionally, serious injuries categorized as evident, disabling and fatal are observed when these crashes involve females. Thus, not only are disproportionately more females than males involved in these crashes but the injuries they sustain are most severe. And, per the results, these injuries occur where signalized intersections have sidewalks suggesting as in [38] that while sidewalks are important, they increase pedestrian traffic volume and concentrate pedestrians at signalized intersections thereby increasing their probabilities of sustaining injuries in vehicle-pedestrian conflicts. To reduce such conflicts could involve ways of channeling pedestrians to physically separate them from road traffic at or near signalized intersections. This channelization may be combined with speed control strategies since as found, an increase in posted speed limit increases severe pedestrian injuries in crashes at signalized intersections. The benefits of such strategies are exemplified in the work by [39] which found 20% reduction in pedestrian casualties and 25% decrease in pedestrian fatalities when speed was reduced from 60 to 50 kilometers per hour. Similarly, [18, 24, 40] found a higher speed/speed limit is related to higher pedestrian injury severity, suggesting that lowering posted speed limits could reduce pedestrian injury severities. Alternatively, the possibility of disallowing pedestrian crossings at some wide signalized intersections especially where speed limits are high should be considered as a countermeasure. This, in fact, has been suggested by [40] for roads with high speeds and a substantial mix of vehicles, and where the proportion of heavy trucks is high.
In terms of the types of vehicles involved in the crashes, Table 2 shows that pedestrian injury severity level reduces when a passenger car or a sport utility vehicle is involved in a crash at a signalized intersection. On the other hand the results show that pickups have no effect on disabling and fatal injury outcome. Though the effect of sport utility vehicles is inconsistent with what [19] reports, the finding that trucks, vans and buses cause more severe pedestrian injuries in crashes than other vehicles confirms many earlier researches in the traffic safety literature. For example, [18] reports similar results in their Florida study and explain them as due to these vehicles hitting a large area of the human body in crashes. Reference [41] adds that light trucks, vans and sport utility vehicles result in higher injury severity risks, while to [19] these trucks increase fatal injuries because of their larger masses, longer stopping distances and greater momentum. Although [42] found similarly, they add that the front-end designs of these vehicles contribute to pedestrian injuries in crashes as well.
Conclusion
This paper analyzes pedestrian injury severity outcomes in automobile crashes that occur at signalized intersections to identify its statistically significant correlates. It uses data and a small sample from a medium-size city, estimates an ordered logit model of injury severity outcomes and finds that vehicle type, gender, land-use and some road and intersection characteristics such as speed limit, traffic volume and the presence of sidewalks, as well as visual obstruction significantly explain pedestrian injury outcomes. In particular, female drivers and pedestrians are found to be disproportionately involved in crashes at intersections that involve pedestrians. And, the presence of a sidewalk at an intersection is found to increase the probability of a pedestrian sustaining a dis-abling or fatal injury in an automobile crash as passenger cars, sport utility vehicles and pickups which are found to be associated with less severe pedestrian injuries in these crashes. Comparing these results to those from previous research, some consistencies and deviations are observed. For example, the finding that more females than males are involved in these crashes is inconsistent with what [24] found whereas the finding that road, intersection and traffic characteristics as well as land use affect these crashes is consistent with the results in [24] among others. Additionally, the finding that passenger cars, sport utility vehicles and vans cause less injury in these crashes is consistent with what previous research found. Where inconsistencies prevail, they show that these effects are contextual and that likely differences in results would obtain if city compared to state or national data are used. This means that caution must be exercised in extending the results from national or state data to local levels and vice versa.
